Abstract. This paper presents physical characteristic of Rhodococcus zopfii through the use of Environment Scanning Electron Microscopy. This bacterium is very significant in enhancing degradation of polycyclic aromatic hydrocarbons (PAHs) in the presence of natural biofilm in waste water treatment system. Rhodococcus zopfii was isolated from municipal sludge at Universiti Teknologi MARA. The average size of Rhodococcus zopfii was measured in the range of 1.1-2.85 µm lengths and 0.55-0.80 µm diameters. The colour of this bacterium was slightly pink on agar plate and it had rod shaped. Experimental results obtained from confocal laser scanning microscopy showed that this bacterium can easily attach on the surface of biofilm. The experimental results provide a scientific knowledge of physical characteristic of Rhodococcus zopfii isolated from municipal sludge to grow on natural biofilm in wastewater treatment system.
Introduction
The increase in industrial effluents containing tons of pollutants is one of the major factor that creates environmental pollution. Industrial activities associated with petrochemical industries, petroleum refinery, pulp and paper mills contribute to severe discharge polycyclic aromatic hydrocarbons (PAHs) to the environment [1] [2] . Due to this reason, PAHs were abundantly present in river, harbors and municipal sewage system [2] [3] . Many studies have reported that PAHs are both toxic and persistent in the environment. PAHs can lead to serious diseases such as cancer, gene mutation and cause disorder to the respiratory system [3] [4] .
Several studies have demonstrated that biodegradation is an efficient method to transform toxic PAHs to non-toxic chemical compounds. Transformation of PAHs to catechol, carbon dioxide and water by the genus Rhodococcus at contaminated sites has been were reported [5] . However, the degradation kinetics of PAHs by the genus Rhodococcus required months and degradation pathways of PAHs were not completed [6] . Due to these reasons, toxic intermediate products of PAHs were present in the aquatic environment. Studies have also shown that under suspended growth condition, the Rhodococcus genus was not efficient to degrade PAHs as the bacteria was easily washed out from the system [7] . Therefore, degradation of PAHs by this bacterium in the presence of natural biofilm requires investigation as detail study on the capability of Rhodococcus bacteria to grow on biofilm remains unclear.
In this study, Rhodococcus zopfii has isolated from municipal sewage sludge taken from a wastewater treatment plant in Universiti Teknologi MARA Shah Alam. The aims of this study were to evaluate the physical characterization of Rhodococcus zopfii by using Environment Scanning Electron Microscopy (ESEM) and Confocal Laser Scanning Microscopy thus verify capability of this bacterium to grow in a system containing natural biofilm.
Material and Methods
Bacteria Culture. A pure culture of Rhodococcus zopfii was isolated from municipal sludge taken from Mawar wastewater treatment plant Universiti Teknologi MARA Shah Alam, Malaysia. A colony of pure culture Rhodococcus zopfii was transferred to a sterile nutrient broth (OXOID, England). It was grown in the nutrient broth for 7 days in the incubator at 30 0 C without shaking. 1mL of culture bacteria was used for analysis on the Confocal Laser Scanning Microscopy and ESEM.
Natural Biofilm Production System. Natural biofilm was developed in an aeration tank using bioblocks purchased from Biokube Malaysia Sdn. Bhd. Biofilm-blocks containing wastewater was placed in suspension with oxygen supplied at the bottom of the tank. The bio-blocks were left for three months to achieve a mature biofilm production. The biofilm was taken out and cut into 2cm x 2cm and placed in a scotch bottle containing wastewater from the aeration tank. The collected sample was autoclave (Hirayama) at 121 0 C for 20 minutes. An autoclaved biofilm sample was ventilated at room temperature prior to further analysis.
Environmental Scanning Electron Microscopy (ESEM) Analysis. The pure culture of bacteria was centrifuged in suspension at 5000rpm for 10 minutes. An approximately 2.5% of decant was kept at 4 0 C for 4 to 6 hours after being subjected to vortex at 5000rpm for 5 minutes. The decant was washed three times with 0.1M sodium phosphate buffer (pH 7.2). For the post fixation of cell wall, sample was fixed with osmium tetroxide and stored at 4 0 C for 2 hours. The decant was washed again following of the same procedure previously described. For the dehydration cell, a series of acetone were used to soak the decant with 35%, 50%, 75% 95% (10 minutes each concentration) and 100% (15 minutes) prior viewed for ESEM.
Confocal Laser Scanning
Microscopy. An autoclave biofilm sample (as described in section natural biofilm production system) was placed on the confocal laser scanning microscopy plate and 1mL of bacteria culture (as described in section bacteria culture) was poured onto the plate. Confocal laser scanning microscopy model Leica TSC SPE with 40 objectives and 3 light intensities were used to capture the image of bacteria. Lasaf software was used to capture images at every 5 minutes for 24 hours. 
Results and Discussion
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is similar to reported physical characteristics of Rhodococcus genes isolated from soil [5,9 -10] . With this range size of bacteria, Rhodococcus zopfii may easily attach on the surface of natural biofilm and promote contact with PAHs in wastewater. Figure 1(b) demonstrates multiplying process of Rhodocuccus zopfii. At this stage, new cells were formed and started to grow. This result indicates that within 7 days of incubation period is sufficient to initiate growth of Rhodoccoccus zopfii in this system. Figure 1(c) shows another physical characteristic study of Rhoducoccus zopfii. It was streaked on nutrient agar plate after 7 days incubation in nutrient medium. The result shows Rhodococcus zopfii has light pink colour and its colony elevation was convex and raised. This finding is similar to findings from previous study on Rhodococcus zopfii isolated from soil [11] [12] . Figure 2 (a) shows that the image of Rhodococcus zopfii was not clearly observed by confocal laser scanning microscopy at 30 mins (Referring to bright area in the circle). This result suggests that Rhodococcus zopfii was remained suspended in the wastewater. However, image of Rhodococcus zopfii emerged after 12 hrs (Figure 2(b) ), indicating that Rhodococcus zopfii was beginning to attach on the biofilm surface in the wastewater. This finding was similar with a previous study reported by Mohd-Towel (2014) . Experimental results from this study demonstrates that Rhodococcus zopfii has ability to attach on the surface of natural biofilm. Literatures have reported that attachment of bacteria on the surface of biofilm was due to the existence of source of energy and carbon on its surface [14] [15] . This results also suggest that Rhodococcus zopfii attached on the surface of natural biofilm will not easily washed out from the system.
Confocal Laser Scanning Microscopy
Conclusions
This study demonstrates Rhodococcus zopfii has rod shape and has size range 1.1 to 2.85 µm lengths and 0.55 to 0.80 µm diameters. Rhodococcus zopfii has light pink colour. With the physical characteristic of Rhodococcus zopfii significantly can grow on biofilm which is advantages to remain in the system for a degradation process.
